mobilities. The enzyme components of the particulate activity can be mobilized by Triton X-100 and trypsin. The electrophoretic mobility of the soluble forms of alanine aminopeptidase and y-glutamyltransferase is slowed by neuraminidase treatment. Both forms of y-glutamyltransferase are influenced in their electrophoretic mobility by treatment with nbutanol/diisopropyl ether, showing their lipid dependence. These findings enhance our knowledge of the biochemical nature of brush-border enzymes in urine.
Separation of enzymes into their multiple nucroheterogeneous forms has considerably improved both the pathobiochemical understanding of diseases and the diagnostic significance of enzyme activity determinations.
Numerous data on enzymes in serum are available, but there is little published information on their multiple forms in urine (1) (2) (3) (4) (5) (6) (7) . The separation and identification of urinary isoenzymes promote, as was to be expected, the diagnostic usefulness of activity determination of urinary enzymes (5, 8) . Seemingly, this also applies to the brush-border enzymes AAP, AP, and GOT in urine.' Their total activities have already been determined in certain diseases (8) .
On electrophoresis, different bands have so far been identified for the respective enzymes in urine (1, 4, 6, 7, (9) (10) (11) (12) . For example, the electrophoretic separation of GOT into two bands has been ascribed to the occurrence of a particulate sedimentable and a free soluble form of this enzyme in urine (6) , but no such detailed data about AAP and AP have been published so far. Thus we have attempted to characterize the electrophoretic variants of the three urinary brushborder enzymes AAP, AP, and GOT by way of comparative investigations. 
Material and Methods

Apparatus
Samples
Urines were collected between 0700 and 0900 hours from healthy persons and immediately centrifuged (15 mm, 1800 x g). We then subjected these samples to gel ifitration on Sephadex G50 (fine) with 154 mmol/L NaC1 (13), ultracentrifuged the centrifuged urine or gel filtrate (110 000 x g, 1 h), and carefully removed the supernate.
The resulting pellet was suspended in 154 mmol/L NaC1 solution. Urine, gel filtrate, and supernate were concentrated 50-to 100-fold in micro-scale collodion bags.
Enzymic and Chemical Treatment
Samples were treated with neuraminidase according to Miki et al. (14) . Identical parts of the sample and of a neuranunidase solution (1 mg/mL in 100 mmolJL acetate' buffer, pH 5.5, containing 150 mmol of NaC1 and 10 mmol of MgC12 per liter) were mixed and incubated at 37 #{176}C for 16 h.
Tryptic digestion of samples was allowed to proceed at 37 #{176}C for 16 to 44 h. We incubated identical volumes of samples and trypsin solution (1 mg/L, in 100 mmolJL Ti-is HC1 buffer, pH 8.0).
Lipid components were extracted by using n-butanoll DIPE at a 40:60 ratio according to Echetebu and Moss (15) . We shook 0.5 mL of sample and 1 mL of n-butanol/DIPE for 15 mm, centrifuged (300 x g, 10 mm), and dialyzed against 
Electrophoresis
We performed the agarose-gel electrophoresis in 10 gIL gels in barbital buffer (pH 8.6, 85 mmol/L) on glass plates (7.5 X 11 cm). In some cases the gel contained 3.3 g of Triton X-100 per liter. We applied 4-pL samples in punched holes (0.5 mm x 5 mm). Electrophoresis was at 50 mA per gel for 100 to 120 mm, with a running distance of about 4.5 cm.
Bands of GOT activity were made visible according to Kok et al. (16) and of AAP according to Reichelt (17) . AP activity bands were stained by incubating gel in 500 mmol/L 2-ammno-2-methyl-1,3-propanediol buffer (pH 9.70) and 2 mmoliL a-naphthyl phosphate and subsequent coupling with 0.5 g/L Fast Blue in 100 mmol/L acetic acid.
Results
We investigated urines of ostensibly healthy persons, as outlined in a previous Letter (18) . The percentage of total activity in the particulate fraction was found to be 75.7 ± 3.25% (arithmetic mean ± 1 SD) for GOT (total activity 36.2 ± 25.1 U/L), 46.7 ± 9.75% for AAP (total activity 8.24 ± 2.81 UIL), and 43.6 ± 12.5% for ALP (total activity 6.72 ± 3.57 UfL). Our use of urines from healthy persons excluded the possibility of urines containing serum enzymes derived from the bloodstream by filtration through damaged gbmeruli and of pathological enzyme variants (4, 6, 7, 11) .
All three urinary enzymes could be separated into two fractions by electrophoresis of concentrated urines or of gel ifitrates ( Figure 1 ). The band near the origin corresponds to the pellet band after ultracentrifugation and represents sedimentable or particulate activity. This electrophoretic mobility is the same for all three enzymes. The faster moving band corresponds to the free or soluble activity observed in the supernate after ultracentrifugation. Free AAP, AP, and GOT differ in their electrophoretic mobilities. When Triton X-100 was present in the gel (or in the sample) the electrophoretic mobilities of AAP and AP originally found in the pellet were increased (no. 2 in Figures 2 and 3 ). For GOT, only one band could still be observed (Figure 4, no. 2). Triton X-100 caused the GOT to acquire the electrophoretic behavior of its soluble variant. Extraction of the concentrated urines with butanol/DIPE resulted in higher mobilities of both GOT bands (Figure 4 , no. 3). These data were confirmed by the extraction of both fractions obtained after ultracentrifugation:
the electrophoretic mobilities of A.AP and AP were unaffected (no. 3 in Figures   2 and 3) . We examined the influence of trypsin and neuraminidase, using gel filtrates to avoid the inhibitory effect of certain urinary components on trypsin (19). After treatment of samples with trypsin we found altered enzymogranls of AAP and GOT (Figures 2 and 4, no. 4) . The AAP band near the origin disappeared, and only one band could still be detected. For GOT this conversion was not complete; thus a smaller band of activity remained near the origin. Trypsin treatment of the pellet confirmed these results (Figure 2 , no. 6; Figure 4 , no. 7). Neuraminidase treatment reduced the electrophoretic mobilities of the free forms of AAP and GOT; the particulate forms were not affected (no. 5 in Figures 2  and 4) . The electrophoretic mobilities of the two AP variants were unchanged by the described enzymic treatment (Figure 3, no. 4 and 5) .
Discussion
Our data confirm the findings of others (4-7) , that the brush-border enzymes AAP, AP, and GOT are present in two electrophoretically distinct variants in the urine of healthy persons. Using agarose electrophoresis, Neef et al. forms of urinary GOT by electrophoresis on cellulose acetate. In contrast, others report one band for AP (9) (10) (11) (12) and AAP (1) after electrophoretic separations on starch gel and agar gel, respectively.
Evidently, the separation medium used in the electrophoresis is critical in determining the number of bands observed, perhaps owing to differences in charge conditions and sieving effects of various media. Other techniques, such as gel filtration and immunotitration, also provided evidence of two urinary variants of AAP, GOT, and AP (3, 5) .
Hitherto it has been proved only for GOT that the variants detected in electrophoresis correspond to the two fractions after ultracentrifugation (6) . We found that this is also true for AAP and AP. Both variants show different electrophoretic mobilities in comparison with those of the corresponding enzymes in serum (4, 7, 11) and abnormal enzyme forms found (e.g.) in Fanconi syndrome (4). We subjected both forms to several modifications similar to those used for serum variants We paid special attention to the particulate fractions. In the urine of healthy persons about 75% of the GOT activity and 45% of the AAP and AP are ascribable to this variant (18) . Particulate enzyme activities have also been found in serum, but only under pathological conditions. Two hypoth-(a) membrane fragments are released from tissues into serum (22) (23) (24) 
The particulate activity is mostly solubilized by Triton X-
100(31) and is no longer sedimentable.
After this treatment, the electrophoretic behavior of the enzymes is different and depends on the charge of the enzyme-detergent complex (31, 32) . This is of practical importance because Triton X-100 is often added in electrophoresis to characterize these enzymes
(2).
As compared with AAP and AP, GOT exhibits other features in its binding to membrane fragments. This is indicated by butanol/DIPE treatment, which extracts lipids, especially phospholipids (33) . In contrast to the other two enzymes we studied, the electrophoretic mobibities of both GOT fractions increased, which is attributable to this procedure. This may go to show that phospholipids play a part in the binding of GOT in membrane fragments and therefore influence the electrophoretic mobility of the soluble variant. However, it cannot be safely excluded that, due to thir treatment with organic media, alterations of enzyme proteir occur that result in changed electrophoretic properties. C)] the other hand, the effect of treatment of urinary GOT wit] butanolIDIPE shows the lipid dependence of the GOT activi ty(34).
In conclusion, the three brush-border enzymes we consid ered each is present in two variants, which differ in thei reactions towards the modifications made by chemical ani enzymic treatments.
Besides, different percentages of partic ulate and soluble activities of these enzymes are found ii healthy persons (18) . Investigation of the rates of excretioi of these two forms of AAP, AP, and GOT into urine seems t be of both pathobiochemical and clinical interest.
